Abstract The female reproductive cycle was investigated in the Indian Tree Pie (Dendrocitta vagabunda) by studying the ovary once a month throughout the year. The
Introduction
Female reproductive cycle in wild birds is not adegately known presumably for the reason that their gonads do not develop to a full breeding condition in captivity (Farner et al. 1966 , Kern 1972 , Gupta 1983 . Such studies need to be carried out in their natural populations. Information on the female reproductive cycle is still inadequate specially in sub-tropical and tropical wild birds compared to that of temperate zone birds. Additionally, biochemical changes in the ovary during various phases of the seasonal sexual cycle have not been thoroughly studied in wild birds. In the current article, an attempt has been made to study the seasonal ovarian cycle mainly from biochemical standpoint in a wild avian species, the Tree Pie.
Materials and Methods
Adult female specimens of Indian Tree Pie (Dendrocitta vagabunda) were collected from local natural populations near Calcutta, once a month throughout the year. Birds were killed 24 hours after their capture at a particular time of the day between 9 to 10 a. m. to avoid diurnal rhythm in ovarian activity, if any (Choudhury et al. 1982) . Body weight was recorded at autopsy. Birds were killed by cervical dislocation. Ovary was dissected out and weighed on a torsion balance (Roller-Smith, U. S. A.) for gravimetric study.
Cholesterol (Sperry & Webb 1950) , ascrobic acid (Bessey et al. 1947) , phosphatase (acid and alkaline) (Linhardt & Walter 1963) , sialic acid (Warren 1959) , glycogen (Hassid & Abraham 1957) , RNA (Schneider 1957) and protein (Lowry et al. 1951 ) contents of the ovary were estimated once a month throughout the year. All analytical determinations were performed in duplicates and readings were taken in a Spectrophotometer (PERKIN-ELMER, Model 550S, West Germany). Data were analysed statistically by analysis of variance (ANOVA) (Snedecor & Cochran 1967) .
Results
The body weight of the female birds was low during the nonbreeding phase and high during the breeding phase ( Table 1) .
The ovarian changes observed during different months of the year are divided into four phases, viz., nonbreeding (August to January), progressive (February to March), breeding (April to May) and regression (June to July). Table 1 . Annual changes in the body weight and ovary weight in the Tree Pie.
Weight
The relative weight of the ovary remained low during the nonbreeding phase, increased partially during the progressive phase, became maximum during breeding and decreased subsequently (Table 1) .
Histology
The ovary of the Tree Pie showed essentially similar histological features to those Table 2 . Percentages of different types of healthy follicles and diameter of the largest follicle during the annual cycle in the ovary of the Tree Pie. 
Biochemistry
The annual changes in biochemical components of the ovary are described below: cholesterol (free, esterified and total) and ascorbic acid levels of the ovary were highest during the nonbreeding phase, declined during the progressive phase, lowest during breeding and began to rise thereafter (Table 3) . But acid phosphatase, alkaline phosphatase, sialic acid, glycogen, RNA and protein contents of the ovary were lowest during the nonbreeding phase, partially increased during the progressive phase, became maximum during breeding and declined thereafter (Table 4) .
Discussion
There appears to have seasonal influence on the body weight of the Tree Pie, since the body weight increased during the breeding phase from that of other phases of the ovarian cycle. A similar pattern of body weight change has been recorded in black birds (Payne 1969) , white-crowned sparrow (Wingfield & Farner 1978a, b) and rook (Lincoln et al. 1980) . The heavy body weight during the breeding phase could be due to at least partly from heavier ovary and oviduct, and from increased subcutaneous and visceral fat deposition at that time.
The present investigation reveals that the seasonal activity of the ovary of the Tree Pie follows the basic pattern of reproductive cycle of the seasonally breeding birds. Study of the annual reproductive cycle of the female Tree Pie permits division into four distinct phases: (a) Nonbreeding phase (August to January), (b) Progressive phase (February to March), (c) Breeding phase (April to May) and (d) Regression phase (June to July).
Annual study of the ovary weight reveals that it was low during the nonbreeding phase, began to increase during the progressive phase, increased further rapidly during breeding and declined subsequently. In wild birds, the breeding behavioural factors are in some way essential for the growth of ovary to the breeding condition (Immelmann 1973 , Murton & Westwood 1977 , Wingfield 1980 , Akeson & Raveling 1981 . Along with the ovarian weight, the follicular size as well as follicular population were also altered.
The ovary was full of primordial follicles during the nonbreeding phase.
With the onset of the progressive phase, population of primordial follicle began to decline and the larger follicles appeared in the ovary. Primordial follicle population declined further and follicular size increased to a great extent leading to formation of yolky follicles of ovulable size during the breeding phase. Subsequently, follicular growth began to decline with an increase in primordial follicle population, followed by a fall in the population of larger follicles, with the yolky follicles being absent and the ovary was regressed. During follicular growth there was a notable increase in the size of the granulosa and thecal cells. In other seasonally breeding birds, the thecal gland cells are also known to vary during the seasonal ovarian cycle (Marshall & Coombs 1957 , Kern 1972 , Silverin 1980 ase activity has been reported to be high during increased steroidogenesis in the ovaries of fowl (Botte 1963 , Chieffi & Botte 1965 , Wyburn & Baillie 1966 and other birds (Lofts & Murton 1973 , Ambadkar & Chauhan 1977 , Murton & Westwood 1977 , Bhujle et al. 1979 , Gupta 1983 , Bhat 1984 . Both cholesterol and ascorbic acid might play an important role in the regulation of steroidogenesis (see, Shimizu 1970) . Cholesterol and ascorbic acid levels of the ovary are known to be depleted during high steroidogenic activity and increased during low biogenesis of steroid hormones in the ovary of wild avian species (Ambadkar & Kotak 1976) . Whereas sialic acid and glycogen levels of the ovary have been reported to be increased during high steroidal activity in the breeding phase from that of other phases of the sexual cycle in the wild Yellow-throated Sparrow (Bhat 1984) . However, in the present study, parallel changes in the ovary (depletion of cholesterol and ascorbic acid, and elevation of sialic acid and glycogen levels) during the breeding phase from those of other phases could be due to higher ovarian steroidal activity (estrogen ?) in the former phase than that of the latter phases in the annual sexual cycle of the Tree Pie. It is known that ovarian ascorbic acid depletion (OAAD) occurs during high LH activity and this parameter is widely used for bioassay of LH in mammals (see Turner & Bagnara 1976) . Additionally, it has been reported that ovarian cholesterol, ascorbic acid, sialic acid and glycogen may be related to gonadotropins (mainly LH), since LH treatment caused depletion of cholesterol and ascorbic acid levels and elevation of sialic acid and glycogen concentrations in the ovary of the Tree Pie (Choudhury 1985) . Therefore, in the present study, parallel changes in the ovary during the breeding phase might also reflect high gonadotropic activity (LH) at that phase of the sexual cycle of the Tree Pie.
Apart from above biochemical changes, concentrations of phosphatases (acid and alkaline), RNA and protein in the ovary also increased during the breeding phase from those of other phases of the annual ovarian cycle in the Tree Pie. The specific labilization of lysosome as indicated by enhanced rate of liberation of marker enzyme, like acid phosphatase, under conditions of cellular stimulation by gonadotropin administration has been reported in mammals by Dimino & Reece (1973) . Increased alkaline phosphatase activity during the breeding phase from that of nonbreeding phase in the Tree Pie might be related to yolk deposition since alkaline phosphatase activity has been reported to coincide with yolk deposition (Kar 1950 , Abe et al. 1962 , Pal 1980 which suggests some enzymatic participation in yolk accumulation by the ovum (Gilbert 1971) . However, in the present investigation a rise in the concentrations of phosphatases, RNA and protein in the ovary during the breeding phase of the Tree Pie could be related to high gonadotropic (mainly FSH) activity, since FSH administration has been reported to cause such changes in the ovary of the same avian species, the Tree Pie (Choudhury 1985) . Thus, both ovarian steroidogenesis and probably gonadotropic activity appear to be increased during the breeding phase (peak period of folliculogenesis) from those of other phases of the annual ovarian cycle in the Tree Pie. In essence, folliculogenesis, ovarian steroidogenesis and probably gonadotropic activity appear to alter simultaneously with the annual sexual cycle of the Tree Pie. Ambadkar 
